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Abstract: Epilepsy is a chronic neurologic disease that comes third after cerebrovascular and Alzheimer’s 
disease. Anti-epileptic drugs may affect certain hematological parameters of epileptic patients. Few researches 
investigated hematological adverse effects of antiepileptic drugs in Libya. Thus, the aim was to evaluate 
hematological parameters in epileptic children who are on antiepileptic drugs. This retrospective study 
included 83 pediatric patients with epilepsy recruited from Benghazi Children Hospital, Department of 
Neurology, from December 2017 to April 2018. Data collected included demographic characteristics, types 
of epilepsy, anti-epileptic drugs and serum hematological parameters. Hematological parameters recorded 
included: hemoglobin, hematocrit, platelet, mean cell volume, mean cell hemoglobin, mean cell hemoglobin 
concentration and white blood cell count. In all treated patients, regardless of the number of antiepileptic drugs 
therapy used, the average levels of hematological parameters were significantly lower in treated group 
compared to control group (11.64 gm per dl, 34.53%, 27.74 pg and 33.13 gm per dl, respectively). A 
significant increase (12.1210° per 1) in white blood cell counts in treated group was found. Average 
hemoglobin, hematocrit and mean cell hemoglobin concentration levels were significantly lower in patients 
on poly-therapy compared to mono-therapy and control groups. Average white blood cell counts were 
significantly increased in patients on anti-epileptic drugs. In sodium valproate users, levels of hematological 
parameters were significantly decreased but significantly increased in white blood cell counts. In diazepam 
users, significant increases in white blood cells and platelet but no difference in other parameters observed. 
There were no differences in all hematological parameters among patients using carbamazepine except for 
platelet counts (significantly decreased). In conclusion, there is substantial effect of the anti-epileptic drugs, 
especially sodium valproate, on hematological parameters of children despite the effects were not critical as 
the changes were still in the normal range. 
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Introduction 


epileptic seizures due to abnormal electrical 
activity in the brain with neurological, cognitive, 
psychological and social consequences [2]. 
However, it is not a single disease entity but it is a 


Epilepsy is a chronic neurologic disease that is 
considered the most common neurological diseases 
in the world and comes third after cerebrovascular 
and Alzheimer’s disease [1]. Epilepsy is a disorder 


characterized by a long-term tendency to cause collection of different kinds of seizures resulting 
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from several mechanisms and different causes [1, 
2]. According to Fiest and associates, the raw 
global prevalence of lifetime epilepsy was 7.60 per 
1 000 persons; the point prevalence of active 
epilepsy was 6.38 per 1 000 persons, while the 
global incidence rate was 61.44 per 100 000 
person-years [3]. While, the median lifetime 
prevalence of epilepsy in Arabic countries was 
found to be 6.9 per 1000 and the median incidence 
was 89.5 per 10 0000 [4]. The prevalence of 
epilepsy in North America was 5 - 10 per 100, 
where the children (under five years of age) and 
elderly were at high risk to have epilepsy [5]. 
However, in Libya, there is no updated information 
regarding epilepsy prevalence since 1986, the 
prevalence of epilepsy in Benghazi and 
northeastern cities of Libya was 2.3 per 1000 in the 
adult population according to a prospective study 
that has been done over two years from January to 
December, 1983 1984 [6]. In children, there is no 
epidemiological study done in this region yet, but 
world widely studies estimated that more than 10 
million children below 15 years have active 
epilepsy [7]. Furthermore, the prevalence of this 
neurological disorder in developing countries is 
more than that in developed countries, also the 
incidence of epilepsy is high especially in low- and 
middle-income countries because these countries 
are not capable to treat all epileptic patients 
successfully [2, 8]. In the middle of the ninth- 
century potassium bromide was used as treatment 
of epilepsy [9], then, the serendipitous discovery of 
phenobarbital [10] followed by phenytoin, 
troxidone, valproate, lamotrigine, carbamazepine 
and other benzodiazepines [11]. 

Some of the anti-epileptic drugs (AEDs) have their 
own pharmacological action at the GABAa 
receptor's level, either by optimizing the response 
to synaptically released GABA (barbiturates, 
benzodiazepines) or by changing its synthesis, 
metabolism or reuptake at the synapse like sodium 
valproate, vigabatrin and tiagabine, respectively 
[12]. Therefore, using anti-epileptic drugs may 
result in life-threatening side effects such as severe 
hypersensitivity reactions, serious hematological 
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disorders or hepatic failure [13]. Nevertheless, 
hematological side effects of anti-epileptic 
medications are well known such as aplastic 
anemia, megaloblastic anemia, leukopenia, etc. 
[14]. Moreover, according to Kurar and his 
colleagues [15], AEDs may affect the 
hematological parameters of epileptic patients 
younger than 15 years old. There are few researches 
investigating the hematological adverse effects of 
AEDs _ specifically in Libya. Therefore, 
investigating these effects is required. In this study, 
it is interested to evaluate the hematological 
parameters in epileptic children who were treated 
with mono-therapy and/or poly-therapy of anti- 
epileptic drugs. 


Martials and methods 


Study Design: This retrospective study included 
eighty three patients younger than 17 years old with 
known history of epilepsy. Patients were recruited 
from Department of Neurology of Benghazi 
Children Hospital, Benghazi, Libya from 
December 2017 to April 2018. 

Inclusion criteria were: 

a) Child’s patients of both genders aged < 17 years 
who diagnosed with epilepsy. 

b) Children subjects on mono- and poly-therapy 
anti-epileptic drug therapy. 

c) Epileptic children who were on treatment for at 
least six months. 

d) Control subjects who were matched for age and 
gender. 

Exclusion criteria were: 

a) Children were on treatment for less than six 
months. 

b) Children had other conditions besides epilepsy 
that could affect blood parameters. 

The ethical approval for data collection of the 
patient from hospital health records was obtained 
from the medical administration of Benghazi 
Children Hospital, Benghazi (2/2020). Data 
collected included demographic characteristics, 
types of epilepsy, anti-epileptic drugs prescribed 
and hematological parameters. The hematological 
parameters recorded included: hemoglobin, 
hematocrit, platelet counts, mean corpuscular 
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volume, mean corpuscular hemoglobin, mean 
corpuscular hemoglobin concentration and white 
blood cells. 

Statistical analysis: Statistical Package for Social 
Sciences (version 22; SPSS Inc., Chicago, IL, 
USA) was used for the statistical analysis. Data 
were tested for normality distributed. Non- 
parametric independent sample test (Mann- 
Whitney U-test) was used for the analysis of 
continuous variables, comparing patients on mono- 
therapy and poly-therapy with controls. A two- 
sided p < 0.05 was considered statistically 
significant. 


Results 


Patient’s demographics data and distribution 
according to the treatments: The descriptive 
analyses findings of the epileptic patients as well as 
comparable control characteristics were presented 
in Table 1. The sample consists of 83 epileptic 
patients under treatment by either one or more 
AED drugs, and were 65 control subjects (healthy 
children without treatment). Among the patient 
sample, 43 patients were females (51.8%), while 40 
patients were males (48.2%). Patient sample’ age 
range from one year to 17 years old. More than half 


of the treated patients, n = 45 were between the age 
of one to five years old (54.2%), 22 were between 
six and ten years old (26.5%) and 16 patients were 
aged between 11 -17 years old (19.3%). The 
distribution of the control group according to age 
was equal in the age group from one to five years 
and 11 - 17 years representing 23 patients (35.4%) 
for each. Meanwhile, the number of the control 
group was nearly comparable to the other age 
groups representing 19 cases (29.3%). The patients 
were also divided into three groups according to the 
number of AEDs treatment, the first group was the 
control (n = 65, 43.9%), they were healthy children 
with no treatments, the second group was patients 
on one AED (mono-therapy) (n = 29, 19.6%) and 
the third group of the patients was on more than one 
AEDs (poly-therapy) (n = 54, 36.5%). In total, 
among these groups, the number of anti-epileptic 
drugs prescribed for each patient was ranged from 
one to five drugs. Among the studied sample of 
patients, the most frequently prescribed anti- 
epileptic drug was sodium valproate in 62 patients 
and diazepam in 45 _ patients however, 
carbamazepine was the third in 15 patients. Then, 
levetiracetam in 15 patients, phenytoin in 15 
patients, clonazepam in six patients, phenobarbital 
in five patients and lamotrigine in four patients. 


Table 1: Demographic distribution of the patients and AEDs therapy 


Control Treated patients 
n(%) n(%) 


Gender 

Male 28 (43.1%) 40 (48.2%) 
Female 37 (56.9%) 43 (51.8%) 
Age (years) 

1-5 23 (35.4%) 45 (54.2%) 
6-10 19 (29.2%) 22 (26.5%) 
11-17 23 (35.4%) 16 (19.3%) 


Sample distribution according to treatments 
Control group (no treatment) 

Group one (AEDs mono-therapy) 

Group two (AEDs poly-therapy) 


65 (43.9%) 


29 (19.6%) 
54 (36.5 %) 


Serum hematological parameters: Hematological 
parameters of the complete blood count of all the 
patients were analyzed and the results given in 
Table 2. It showed that the average blood 
parameters level of control was normal in 


comparison to standard blood parameters level. In 
addition, in all the treated patients regardless of the 
number of AEDs therapy used, the average levels 
of hemoglobin, mean cell hemoglobin and mean 
cell hemoglobin concentration were slightly but 
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significantly lower (11.64 gm per dl, 34.5%, 27.74 
pg and 33.13 gm per dl, respectively) in the treated 
group in comparison to the average levels of 
controls with (P < 0.05; P < 0.001, P < 0.01, 0.001 
and P < 0.001). There were also a statistically 
significant increase (12.1210? per 1) in white blood 
cell counts (P < 0.05, P = 0.001). While there were 
no significant differences in platelet counts and 
mean cell volume in comparison with their average 
counts in controls respectively. In treated patients, 
the average hemoglobin level was significantly (P 
< 0.05) lower in females (11.33 gm per dl) than 
male patients (12.7 gm per dl). While the mean 
platelet counts were insignificantly lower in male 
group (308.910? per 1) in comparison to the female 
group (328.410? per 1). However, there are 
insignificant changes of all the hematological 
parameters in both genders of patients. 

Serum hematological parameters of patient on 
mono and poly AEDs: The results of comparing 
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controls with patients on mono- and poly- AEDs 
therapy are shown in Table 3. The average 
hemoglobin, hematocrit and mean cell hemoglobin 
concentration levels were significantly lower in 
patients on poly-therapy in comparison to mono- 
therapy and control groups (P < 0.001, P < 0.05 and 
P < 0.001). While the average white blood cell 
counts was increased significantly (P < 0.001) in 
patients on poly anti-epileptic therapy and mono- 
therapy in comparison to control. However, there 
were non-significant differences in red blood cells, 
platelets, mean cell volume and mean cell 
hemoglobin in patients on mono- and poly-therapy 
compared with that in the controls. Additionally, in 
Figure 1, linear regression analysis showed that 
there is a statistically significant linear relationship 
between the increases in the number of anti- 
epileptic drugs consumed by patients and the 
decreases in hemoglobin level (P < 0.05). 


Table 2: Serum hematology parameters of the patients with AEDs therapy 


Hematological Normal Control All patients P 
parameters CBC range (n = 65) (n = 83) + SD Value 
WBC (10? per 1) 05.1 - 17.6 07.8 + 2.71 12.12 + 6.31 0.001*** 
RBC (10" per 1) 3.22 - 5.55 04.56 + 0.40 04.46 + 0.39 0.177 
HGB (gm per dl) 11.5 - 15.5 12.76 + 1.03 11.64 + 1.09 0.001*** 
PLT (10° per 1) 110 - 637 307.98 + 81.71 317.58 + 129.25 0.876 
HCT (%) 24.4 - 38.8 40.05 + 27.82 34.53 + 3.98 0.001*** 
MCV (fl) 56 - 87 80.45 + 4.35 79.08 + 5.90 0.238 
MCH (pg) 16.9 - 29.7 28.60 + 5.04 27.74 + 8.35 0.001** 
MCHC (g per dl) 30.0 - 36.9 34.87 + 1.69 33.13 42.51 0.001*** 


CBC: complete blood picture, HGB: hemoglobin concentration, WBC: white blood cell, RBC: red blood cell, PLT: platelets 
count, HCT: hematocrit, MCV: mean cell volume, MCH: mean cell hemoglobin, MCHC: mean cell hemoglobin concentration. 


Serum hematological parameters of patients 
according to specific AED as mono-therapy: In this 
study, the number of patients who were on 
monotherapy are 29. The most used anti-epileptic 
drug as mono-therapy was sodium valproate (n = 
20, 68.9%), followed by diazepam (n = 6, 20.7%) 
and then carbamazepine (n = 3, 10.3%). In sodium 
valproate users, the levels of hemoglobin (11.63 
em per dl), HCT (33.5%), mean cell volume (76.98 
fl), MCH (30.65 pg) and mean cell hemoglobin 
concentration (33.04 g per dl) were significantly 
lower than controls (P < 0.05). While, there was a 
significant increase in white blood cell counts 


Bengleil et al. 


Mediterr J Pharm Pharm Sci. 2(1): 46-54, 2022 


(13.2710° per 1) and insignificant increase in the 
platelet counts (31710° per 1). In diazepam users, 
there was insignificant difference in pure red cells 
parameters among patients using this medication. 
However, there were significant increases in the 
levels of white blood cells (12.8510? per 1) and 
platelet counts (388.810? per 1). In patients using 
carbamazepine, there were insignificant 
differences in all the hematological parameters 
among the patients using this medication except 
that for platelet counts, as there was a significant 
decreas (P < 0.01) in the platelet counts (188.510? 
per 1) (Table 5). 
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Table 3: Hematological parameters of patients on anti-epileptic drugs 


Hematological Paisenrs Meraby P 
parameters Control Mono-therapy Poly-therapy Value 
(n= 65) (n = 29) (n = 54) 

WBC (10? per 1) 07.8 +2.71 12.94 + 7.16 11.68 + 5.82 0.001*** 
RBC (10” per 1) 04.56 + 0.40 04.49 + 0.46 04.45 + 0.36 0.400 
HGB (gm per dl) 12.76 + 1.03 11.82 + 1.01 11.55 + 1.137 0.001*** 
PLT (10? per 1) 307.98 + 81.71 325.00 + 139.95 313.44 + 124.14 0.987 
HCT (%) 40.05 + 27.82 33.97 + 4.62 34.87 + 3.59 0.05* 
MCV (fl) 80.45 + 4.35 77.90 + 3.61 79.75 + 6.84 0.179 
MCH (pg) 28.60 + 5.04 29.75 + 12.78 26.47 +3.23 0.064 
MCHC (g per dl) 34.87 + 1.69 33.47 + 2.87 32.93 + 2.30 0.001*8* 


CBC: complete blood picture, HGB: hemoglobin concentration, WBC: white blood cell, RBC: red blood cell, PLT: platelets count, 


HCT: hematocrit, MCV: mean cell volume, MCH: mean cell hemoglobin, MCHC: mean cell hemoglobin concentration. Data 
presented as mean + SD, P < 0.05. 
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Figure 1: Number of anti-epileptic drugs correlated with HGB level 


Table 5: Hematological parameters in patients on mono-therapy 


Drugs Valproate (n = 20) Diazepam (n = 6) Carbamazepine (n = 3) 
Hematologica 
] parameters Control Treated P value Control Treated P Control Treated P value 
value 
(Mean + SD) 

WBC (10°/L) 7.842.71 13.27 + 7.89 0.000*** 7.8 42.71 12.85 + 5.64 0.05* 7.8+2.71 12 + 8.48 0.611 
RBC (10”/L) 4.56 + 0.405 4.51+0.541 0.478 4.56 + 0.405 4.49 + 0.2 0.766 4.56 + 0.405 4.52 + 0.02 0.924 
HGB (g/dl) 12.76 + 1.030 11.63 + 0.94 0.000*** 12.76 + 1.030 12.3 + 1.09 0.338 12.76 + 1.030 13.05 + 0.49 0.655 
PLT (10°/L) 307.98 + 81.71 | 317.68 + 152.78 0.586 307.98 + 81.71 388.3 + 92.95 0.05* 307.98 + 81.71 188.5 + 45.96 0.01** 
HCT (%) 40.05 + 27.82 33.51 45.44 0.05* 40.05 + 27.82 34.57 + 2.25 0.171 40.05 + 27.82 38.1 + 0.00 0.656 
MCV (fl) 80.45 + 4.35 76.98 + 3.57 0.01** 80.45 + 4.35 79.2 + 3.39 0.668 80.45 + 4.35 83 + 0.00 0.508 

om aby * ake + wl he. 
MCH (pg) 28.60 + 5.04 30.65 + 15.29 0.05 28.60 + 5.04 27.56 £1.71 0.848 28.60 + 5.04 29.2 + 0.00 0.476 
MCMC 34.87 + 1.69 33.04 + 3.295 0.05* 34.87 + 1.69 34.84 1.11 0.941 34.87 + 1.69 35.2 + 0.00 0.667 
(g/dL) 


CBC: complete blood picture, HGB: hemoglobin concentration, WBC: white blood cell, RBC: red blood cell, PLT: platelets count, 


HCT: hematocrit, MCV: mean cell volume, MCH: mean cell hemoglobin, MCHC: mean cell hemoglobin concentration. Data 
presented as mean + SD, p < 0.05. 
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Discussion 


In diagnosis of epilepsy, hematological 
investigation becomes important to determine the 
cause and guiding management. As many studies 
have indicated that different AEDs were associated 
with a variety of adverse effects including 
hematological side effects. Unfortunately, a small 
number of research was done in regard to the 
hematological side effects of AEDs in children as 
well as in adults. The most frequently prescribed 
drug in this study was sodium valproate (valproic 
acid) and the less frequently prescribed drug was 
lamotrigine. Comparably, the majority of the 
patients in a study by Kirar and others [15] used 
valproic acid as an AED. Similarly, Kaushik et al. 
[16] studied the adverse drug reactions of AEDs 
among children and found that the majority of 
patients were on mono-therapy and the commonly 
prescribed drug was valproic acid then phenytoin 
after that carbamazepine, levetiracetam and 
clopazam. While, another study carried out in 2015 
evaluated the prevalence of side effects of AEDs in 
epileptic children and identified carbamazepine as 
the most frequently used drug then valproic acid 
[17]. However, carbamazepine was identified to be 
the most frequently used in adult patients [6, 18]. 


In the present study, the hematological parameters 
were not significantly changed in children treated 
with diazepam or carbamazepine as a mono- 
therapy in comparison to the control group. While 
white blood cells and platelet count increased 
significantly in children treated with diazepam 
compared to the control group. However, platelet 
count was significantly declined in carbamazepine 
treated group compared with controls. Comparable 
to this study, Al-kazzaz and his colleagues [19] 
found that all blood parameters were 
insignificantly different in patients on 
carbamazepine as compared to the control group 
for both genders except for hemoglobin, which was 
significantly decreased. In addition, the platelet 
count showed a non-significant decline in the 
patients compared with controls [19]. Not 
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compatible with the present findings, Pottoo et al. 
[20] studied the hematological adverse effects in 
adult patients using carbamazepine, the findings 
showed that they had lower mean cell hemoglobin, 
mean cell volume, white blood cells and mean cell 
hemoglobin concentration levels in comparison to 
controls [20]. An another study was done in 2011 
showed that hemoglobin level is slightly, but 
significantly lower in patients taking 
carbamazepine compared with that in controls [21]. 
A case report study by Ozkaya et al. [22] concluded 
that carbamazepine-induced red blood cell aplasia 
in which hemoglobin below the normal value. 
Additionally, Mathur and others [23] presented a 
case report study of women on carbamazepine 
admitted to hospital with severe anemia, 
thrombocytopenia and decreased white blood cell 
count, after drugs’ cessation the blood parameters 
showed a significant improvement. 

However, the present results showed that patients 
on valproic acid/valproate mono-therapy had 
significantly lower hematological parameters 
compared to control. Comparably, a study by 
Yilmazbas and Senbil found that at least one 
hematological side effects developed in about half 
of the patients who used valproate as a single 
antiepileptic drug [24]. Moreover, other study 
showed that 12 weeks of sodium valproate 
treatment significantly down regulate hemoglobin 
and hematocrit [25]. While, previous published 
study found that the hemoglobin value fell below 
10 g/dl in valproic acid users but the difference 
with control was not significant [15]. On the other 
hand, several studies investigated the effect of 
valproic acid on the patients’ blood parameters 
reported that there were no differences between 
cases and controls concerning hemoglobin level 
[21, 26, 27]. Furthermore, a case-control study of a 
13-year-old patient on a standard dose of valproic 
acid showed no abnormalities in blood parameters 
except for mild macrocytic anemia [28]. Regarding 
platelet counts, some studies indicated that the 
mean platelet count was diminished significantly 
after valproate treatment which is not compatible 
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with the outcomes of this study, as there is a non- 
significant change in platelet counts in valproate 
treated group [15, 24, 29]. Various studies in 
children and adults showed a significant negative 
correlation between valproic acid and platelet [30 - 
32]. Likewise, Ko et al. [33] suggested that children 
with a valproic level of > 450 umol per L were 
more likely to develop mild thrombocytopenia. A 
previous study, however, reported that valproic 
acid causes thrombocytopenia in 60% of patients 
using this medication and children were more 
vulnerable than adults [20]. Currently, white blood 
cell count is significantly elevated in children 
treated with poly-therapy of AEDs and in patients 
treated with valproate/valproic acid and diazepam 
as a monotherapy. This is similar to the published 
study by Sarkis et al. [35] which concluded that 
high white blood cell count was present in patients 
with generalized epilepsy despite greater use of 
valproic acid. However, these findings dissimilar to 
the study on pediatric patients treated with 
valproate confirmed reports of decreased white 
blood cell associated with the use of valproate [24]. 
Furthermore, an analysis of the hematological data 
in the child and adolescent patients revealed an 
incidence of leukopenia of 26% in the valproate 
mono-therapy group [34]. Concerning — the 
carbamazepine treated group, the finding showed 
that platelet counts considerably declined. 
Comparable results found that platelet counts 
reduced significantly in epileptic patients treated 
with carbamazepine as mono-therapy or poly- 
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therapy. Other report mentioned that 
AEDs, specifically carbamazepine causes thrombo- 
cytopenia [13]. The present findings showed that 
the mean hemoglobin, hematocrit and mean cell 
hemoglobin concentration levels were significantly 
lower in patients on multi-therapy in comparison to 
mono-therapy and control groups. In addition, it 
showed that there is significant correlation between 
the increases in the number of drugs used by 
children and the decreases in hemoglobin levels. A 
supportive study in epileptic children stated that 
potential damage of AEDs combination (with more 
than three drugs) could be greater than that caused 
by the seizures themselves [37]. Another study also 
investigated hematological changes in adult 
epileptic patients and revealed a _ significant 
decrease in hemoglobin which was compatible 
with present study. A non-significant decrease in 
white blood cell and platelet among patients on 
poly-therapy in comparison to those on mono- 
therapy which is not in line with the current study 
outcome [38]. 


Conclusion: The average hematological levels are 
significantly lower in all epileptic pediatric patients 
regardless number of AEDs therapy used. A 
significant effect of the anti-epileptic drugs 
especially sodium valproate on hematological 
parameters of the epileptic children despite the 
effects being not critical as the changes are still 
within the normal range. 
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